Abstract. A novel vibration-based monitoring technique for shaft bearings in seagoing vessels is presented in this paper. Described observation of the lubricated wedge stability was carried out using test fixture. The analysis of results is based on an original method which put Energy Operator of Teager Kaiser to use. Analysis results were compared with the method built on trajectory of the centre shaft axle observation.
Introduction
Stern tubes are used to house the bearings and seal the shaft. The design of a stern tube depends on the lubrication agent. At the beginning, stern tubes were equipped with water lubricated lignum vitae (a dense wood) and the system of bearings was open. Lignum vitae is a very hard, heavy (density: 1230 kg/m 3 ), abrasion-resisting wood. The stern tubes with guaiacum bearings were sealed only between the tube and the engine.
The World War I caused the lack of guaiacum and changes of the structure of bearings. Structures of lubricated with oil bearings became popular requiring the additional sealing. Frequent leaks of oils from lubrication systems to water bodies caused changes in the law.
At present, the restrictive law is a factor encouraging ship-owners to applying eco-friendly bearings lubricated with water. Modern bearings lubricated with water time of exploitation is comparable to bearings lubricated with oil. The longevity of stern tube in off shore navigation (not open sea) is very limited when the water is impurity by high content of sand or mud.
A use of composite bearings lubricated with environmental friendly liquid is possible in the close system without the risk of contamination of the natural [1] .
Experiments on laboratory test fixture
Tests were conducted in test fixture, which was prepared for using the composite bearing lubricated with water used in the sea shipping. Multi-groove aft bearing with the diameter of 20 mm made of rubber, planted on the bronze hub was built. The bearing was sealed on both sides and filled with water. The flow of water is forced with the help of water pump. Character 1 is describing the created test fixture.
During the experiment, the stand was loaded with the force of 160 N in the horizontal plane by the bearing loading system (6, Fig. 1 ). This corresponds to the shaft deflection by 1,2 mm. The experiment involved examining the trajectory of shaft rotation axis. The experiment was conducted at various speeds, from 300 to 6800 RPM, in 500 RPM increments. The recorded displacement signal was analyzed.
Analyses
According to the literature [2, 3] , there are three hydrodynamic states in plain bearings: normal operation, small oil vortexes, large oil vortexes (Fig. 2) . and introduction of diagnostic determinants [2] Trajectories can be determined by correlation of two signals from sensors (9, Fig. 1) . A new method is based on the observation of value of Teager-Kaiser Energy Operator (TKEO) during work of shaft [4] [5] [6] . It can be done offline and online also.
TKEO is defined in the continuous form as [7] :
A work of the aft bearing during the changing rotation speeds was analyzed. An amplitude of the TKEO value was being examined. The growth of the TKEO fluctuation rotational trajectories matching them were analyzed. A relation of the Teager-Kaiser Energy Operator (TKEO) fluctuation growth was demonstrated in case of loss of the stability of the work of the bearing.
Results
The whole signal of moving was examined (separately and ) looking up the sudden changes of amplitude of TKEO. The value of amplitude was determined for every turnover and then created was a diagram of TKEO amplitude to turnovers. An exemplary diagram (rotational speed of 2800 rpm for the signal of moving in y axis) presented in Fig. 3 .
The TKEO value depends on the trajectory, the speed and on the acceleration, according to the model (1), indirectly depends also on the shape of the trajectory. The changes of the values of amplitude about 50 % were observed. Fig. 4 shows the trajectory of turn 104 and 105 (for which amplitude TKEO carries out 2200) for the comparison in Fig. 5 presented the later turns of 107 and 108 for which the amplitude carries out 3200. Presented do not differ substantially from each other, however the value of amplitude TKEO differs about 50 %. During experiment, hydrodynamic instabilities weren't noticed. An observed increase in TKEO amplitude along with the rotation speed is shown in Table 1 . During measurements: 1300, 4800, 6300 an abnormal work of the tachometer was noticed.
Conclusions
The conducted experiment proved dependence of value of amplitude of TKEO on circulating speed. Significant influence of the shape of trajectory on the value of the amplitude TKEO was not observed. Abnormal work of tachometer resulted in the changes of parameters of filtration of signal. It paid attention to the relation of the width of selected band of the filtration to the value of the TKEO amplitude. Examinations letting the hydrodynamic stability observation in order to examine its influence on the value of the TKEO amplitude were planned.
